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ABSTRACT

Mat hemati cal progranming is one technique that can be used for
resource policy appraisal. Miltiple objectives are usually

i nvolved in resource policy considerations. This paper discusses
i ssues regarding the use of mathematical progranmm ng techni ques
for the nmultiobjective resource policy arena. Theoretical nodels
are introduced with a separation called for between producer
response nodels and policy maker nodels due to a disparity of

obj ectives. The paper draws on the literature citing cases where
producer |evel nodels have been utilized to sinulate the policy



outconme inplications of alternative policies.
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MATHEMATI CAL PROGRAMM NG FOR RESOURCE PCLI CY APPRAI SAL
UNDER MULTI PLE OBJECTI VES

When | was contacted about this paper, | was infornmed that
several contexts were relevant. These are:

* Narrowi ng the topic fromoperations research to nmat hemati cal
pr ogr anmmi ng

* Modeling and support of environnental policy decision naking
* Rel evance to international devel opnent
* Inclusion of case studies

Consequently, this paper will overview nmultiple-objective

mat hemati cal progranming as it has been and could be applied to
environmental policy actions, largely froman international

devel oprment context. | also should indicate that ny Agricultura

Economi cs background will bias the presentation toward
agriculture and that the tine available for construction of this
paper led nme to draw nost of the references and case studies from
nmy own wor k.

Why Exanmi ne Such a Topi c?

Mat hemati cal progranmi ng deals with the sel ection of decision
vari abl e val ues so as to maxim ze an objective (or set of

obj ectives) subject to constraints. Wiy is such a technique
rel evant to Environnental and Natural Resource Policy and
Trai ning (EPAT) activities regarding resource policy in an

i nternational devel opnent setting? There are actually two
contexts in which such an approach nakes sense.

1. The selection by policy makers anong a set of alternative
environmental ly rel ated actions.

2. Producer reactions to environnmental ly-related policy actions.
First, let us exanine the policy maker question. Policy nakers
potentially have nany actions they may undertake. Consi der
policy toward soil erosion reduction. Policies could be

i mpl ement ed whi ch:

* Subsidi ze particul ar kinds of soil nanagenent practices or
rel ated equi prent.

* Pronote educational prograns dissemnating information on the
benefits of conservation tillage.

* Adopt a regul atory approach where certain practices are
pr ohi bi t ed.

* Subsidize farmers so severely erodible |ands are treated with



erosi on control practices.

These alternatives constitute a variety of potential decisions
(variables). Agency work force and budget plus nunerous other
factors would constrain choice anobng these variables. Thus, the
mat hemati cal progranmi ng structure is present. Miltiple

obj ectives would al so be relevant in that policy makers m ght be
concerned with such things as:

a) government budget exposure;

b) inconme of target groups;

c) agricultural production;

d) export |evels;

e) consuner prices;

f) quantity of soil conserved;

g) damages due to soil erosion; and
h) water quality.

The second nodel i ng question involves forecasting producer
reactions to environnmental policies. 1In the soil conservation
exanpl e, farners can enploy a nunber of choices in responding to
an erosion program Alternative tillage and resi due nmanagenent
practices, crop mx, nultiple cropping, and rotations could be
used. Changes in farning practices nmay entail different hired

| abor requirenments. The famly diet may al so change in response.

Thus, a producer nodel could have tillage, cropping, rotation
hired | abor and diet formulation variables. Constraints would
involve land, famly and hired | abor, nachinery, draft animals,
famly dietary requirenents, crop rotations, and nultiple
cropping possibilities. Again, the mathematical progranm ng
structure is present. The multiple objective context is rel evant
fromboth the farner and policy nmaker perspectives. The farner
could be interested in incone, risk exposure, subsistence

behavi or, |abor-leisure tradeoffs, and hired | abor acceptance.
bj ectives for other fanm |y nmenbers could be rel evant where
culturally driven division of effort is inportant.

Si mul t aneously policy makers night be interested in the way soil
erosion rates, farminconme, governnment cost, off farmsales, and
enpl oynent are affected by farmer reactions.

Why use Mathenatical Programming Particularly for Response
Forecasts?

A fair question in the context of this paper is why use a

pr ogr anmi ng- based net hodol ogy rather than an extrapol ative
(econonetric or statistical) approach or a sinmulation nodel.

This is a question without a definite answer. The salient
characteristic of a mathenmatical programin this regard is that
it constructs a synthetic representation of supply response based
on an assuned objective and sets of variables and constraints.



As such then considerations in using alternative nodels are as
foll ows:

1. Is it reasonable to think that the actions notivated by the
envi ronment al change can be extrapol ated from historical behavior
and i s enough data present to specify the relationships from
which to extrapolate? (If so, do so.)

2. Is there sufficient reason to believe there are enough

possi ble solutions in interaction with the constraints that the
range of possible solutions requires one to nodel goal seeking
behavi or rather than relying on process foll ow ng sinmulation?
(I'f not, consider sinmulating.)

3. Are the tine, financial, personnel, data and other resources
avail able in adequate quantity?

This paper will proceed assum ng nat hematical programming is the
chosen net hod.

TOMRD A FORVMAL STATEMENT OF MODELS

The programm ng nodel s di scussed above can be expressed formally.

Pol i cy Model

Suppose the policy maker has the decision sets S for subsidies, T
for taxes, and R for regulations while being interested in the
out come set Ch. Further, suppose that F2(S, T, R) predicts the
out conme set inplications of the policy instrunents and F1(S, T, R)
reflects usage of a set of policy constraining resources which
limt policy actions. Formally a nodel of this can be witten as
foll ows:

In this nmodel, the policy nmaker chooses values for S, T, and R
while Cb gives the resultant objective.

In this nodel, the policy naker chooses values for S, T, and R
while Cb gives the resultant objective levels and V() reflects
the policy objective function. The first constraint contains the
termF1(S, T,R) giving the budgetary and other linited resource

i mplications of selecting various actions, while bl gives
resource endowrents. Sinultaneously, F2(S,T,R gives the outcone
set inplications of alternative policies and these are

accunul ated into the outconme neasures (Oh).

This is a multiple objective progranmi ng problemrequiring
identification of a nunber of itens.

1. The relevant policy decision variables are the nmenbers of the
sets S, T, R



2. The relevant objectives are the nenbers of the set (b. In
general Gb contains a nunmber of policy relevant outconmes. Such
obj ectives may include diverse outcones such as soil |ost, pounds
of pesticides used, carbon eni ssions, governnent subsidy costs,
farm enpl oynent and earnings by small farners.

3. The function V(Ob) values the outconmes. This is an explicit
st at enent of governnent, policy maker and or donor agency
preferences for the policy relevant outconmes. Sone outcones may
be desirable and others nmay be undesirable. This function is
anticipated to be nonlinear exhibiting decreasing marginal
satisfaction fromincreasi ng amounts of the outcone.
Specification of the function may involve a nunber of the

techni ques frommulti-objective programrng including elicitation
(Barnett, Blake and McCarl 1982), reveal ed preference estimation
(Brink and McCarl 1978, Weins 1976), pareto extrene point
generation (Steuer 1978), decisionmaker interaction (Candler and
Boel j he 1977) or assunption/sensitivity analysis (Brandao, MCarl
and Schuh 1984). Ronero further discusses these issues.

However, we should note that none of these approaches have been
nmeani ngfully applied to specifying V(Qb) for the policy naker
probl em

4. The inmplications of the policy instrunents for the objective
outconmes is expressed in the functions F2(S, T, R

5. The constraints which Iinit policy give the dinension of the
first constraint set and the endownents of the resources involved
are in bl.

6. The usage of the policy constraint resources by the policy
instrunents are in the functions F1(S, T, R).

Meeting requirenments 3, 5 and 6 pose difficult data devel opnent
tasks, while neeting requirenent 4 in general is nearly
i mpossi bl e.

This particular nodel, if it could be specified (and it really
never has been) woul d help policy nakers choose the exact
policies to utilize so that they maxini ze sonme particul ar
objective. This is a normative or prescriptive policy nodel.

Producer Response Mbdeling

Suppose producers have a set of production choices X, care about
a general set of outconmes (W and income (1), operate in a
setting where governnent can subsidize, tax, and/or regul ate
them Suppose S, T and R define governnment actions in these
three areas. A formal statenent of the producer response problem
is as foll ows:

Here resource constraints limt production response--H(X) is |ess
than or equal to N(R), but the resource endownent is influenced
by regulations--N(R). Farmincone (1) involves farmactivity as
wel | as subsidies and taxes--K(X, S, T). Realization of the other
farm objectives (W is a function of farmactivity --MX)

GWI1) reflects the producers valuation of rmultiple objectives



and is setup using the sane procedures discussed when defining
the V(Qb) function above.

Accounting for policy-naker objectives is also included in the
term Q X). Thus, the nodel depicts producer choices which are

i nfluenced by taxes, subsidies and regulations. This nodel is a
predi ctive nodel usually used in scenario anal yses to exam ne the
producer reactions to changes in policy. This nodel therefore
generates sone of the infornation that would be used in the first
nodel , and the two nodel s conceptually can be unified as di scussed
bel ow.

A Unified Policy Maker, Policy Reactions Model

Exami ne the two nodel s above. The first one chooses policy but
needs predictions of the policy objective inplications of
producer reactions. The second starts with know edge of the
policies and generates predictions of producer reactions. This
di stinction is inportant as when policy nakers inpose a
particul ar policy, they may not have a precise idea of producer
reactions. Furthernore, policy nmakers do not control producers
reactions directly, rather they only guide themthrough the
subsi dy, taxation and regulatory framework. A unified nodel of
policy and policy reaction is as follows:

In this unified nodel, policy is chosen so that it maxim zes the
satisfaction of the policy maker but is subject to the optinal
response of the producer. This nodel is called a nmulti-Ievel
nodel (Candl er, Fortuny and McCarl 1981), but is difficult to
solve. However, it is an appropriate conceptualization of the
envi ronment al policy process.

Thi s probl em has been found to be conbinatorial in nature and in
possessi on of many |ocal optiml (Candler, Fortuny and MCarl
1981, Bard 1985). In addition results have shown that a m x of
good policies may result in a bad policy, so the problem needs to
be approached with care. Results have al so shown that radical
changes in policy may be better than fine tuning an existing
policy (Candler 1981). This nodel is the subject of research on
a nunber of fronts and also is related to devel opnents in optimal
control and other nodeling contexts.

Caution: Don't Use Policy (bjectives with Behavioral Response
Model s

A comon t hought when | ooki ng at the above framework is why worry
about the producer objectives in framng the response? Rather
why not inpose the policy nakers objectives and constraints al ong
with the produce response variables and constraints, then
maxi m ze satisfaction fromthe policy outconmes. |In other words:

Why worry about maxim zation of the producer objective function?
Such a nodel follows:

This approach is wong! Its fallacy can be argued as foll ows.
In a progranm ng nodel, the decision variable solution maxim zes

the objective function. Consider the follow ng exanpl e: suppose
US policy nmakers were sinmultaneously interested in nmaxinizing



producer inconme, ninimzing soil erosion, and mnim zing inported
oil. Do you think that farners would readily sacrifice incone
earning potential to satisfy governnent desires? | doubt it.

Governnent only guides the decisions made by individuals, it does
not specify them Cear counter exanples exist in the
literature. The econonmic theory of externalities indicates

i ndi vidual s commonly generate unattractive social outcones (i.e.
pol l uted wat er) because of divergences between social and private
values. |In addition, water conservation nptivated incentive
prograns have found conservation schene adopters conmnonly
irrigate additional acres and increase total water use defeating
the conservation objective. Thus, it is inportant to maintain
the distinction between governnent objectives and producer
responses. Use of producer response nodel s hopefully hel ps
forecast unantici pated outcones.

PROPER SPECI FI CATI ON OF PRCODUCER RESPONSE MODELS

Gven the difficulty in solving the nodel articul ated above, the
state of the art in environnmental nodeling has generally invol ved
specification of response nodel s which:

* predict producer response in the face of environnental
i ncentives.

* account for policy objectives; and
* can be used to do policy scenario anal ysis.

Significant differences arise in producer response nodels
formul ated at the producer, regional and or nation-sector w de
levels. Here |I discuss all three but feel the last is the nost
rel evant, so spend nore time on it.

Model i ng the Response of Individual Price-Taking Producers

When the focus is on individual (or a small group) response,
nodel s are usually formul ated assuning the producer is a price
taker, not |arge enough to influence prices of traded products or
factors. The main job in specifying such a nodel is the adequate
depi ction of the production response possibilities, constraints
and objective function(s).

The first job is to identify variables, the | argest set of which
is usually the production possibilities. Here one often
specifies multiple variables for production of each enterpri se.
For exanpl e, variables mght depict the crop planted at different
times with different irrigation systens and cultivation
techniques. In an Indonesian study (MCarl and Van Hol st
Pel | ekaan 1982) rice variables were introduced for crops planted
during different seasons using different varieties, fertilization
techni ques, cultivation practices and rotations. O her

vari abl es are commonly specified for factor acquisition
possibilities such as hired | abor, renting | and and purchasing



inputs. Variables nay also involve diet formation and factor
sale such as renting land to others or hiring famly labor to
ot hers.

The constraints nust be defined so that they adequately depict
the limtations on the response choice. Oten there are multiple
constraints for a class of factors. Mddels comonly are
constrained by nonthly or finer disaggregations of |abor,
irrigation water, machinery and draft power. Constraints may

al so specify calorie and protein requirenments for a famly

subsi stence diet (Calkins 1981) as well as a refection of tastes
and preferences.

The other inportant factor in the producer response nodel is the
proper specification of objectives. The interaction of the
constraints and vari abl es usually all ows thousands of possible
sol utions while the objective function picks the rel evant
solutions or solution set. |In the Indonesia study, the

obj ectives specified were profit maxim zation, risk avoi dance and
subsi stence di et adequacy.

In general, production response nodels carry with them a nunber
of assunptions. One is that they are a "typical" firnms in a
region. Such nodels are not usually statistically

representative but are rather felt to depict production across a
| oosel y-defined class of individuals. The nodels are usually set
up relying on cross-section data comonly integrating producer
and experinental data so as to fully portray production
possibilities. Factors such as land, famly | abor, hired | abor,
water and | and rental are assuned to either be available in fixed
quantity or fixed price up to a maxi mum quantity.

Environnmental Iy such nodels vary wi dely but the comon approach
is to include equations which inpose regulatory limts or add up
environmental itens of interest. Policy relevant itens can al so
be accounted for, comonly firmprofits, |abor enploynent, and
producti on shipped off the farm anmong others are conputed for

pol i cy- maker consi derati on.

Farm Level Case Exanple 1 -- I|Indonesian Technol ogy Prospects

This study invol ves supply response within Indonesian agriculture
(McCarl and Van Hol st Pellekaan). In this study, three farm
nodel s were set up. One was a "typical farnm nodel for a dryland
region in Southern Sunmatra. The other two depicted irrigated
production in Java under rainy season and year round irrigation
wat er supply. The nodels depicted farmreactions to the
availability of several new technol ogies.

Technically, the variables included crop timng, nmultiple crop
sequences, fertilization rates, tillage power source, fanily diet
formation, |abor hiring and | abor sale. The constraints included

nonthly | abor, land by period, tillage power availability,

subsi stence, fertilizer response and technol ogy availability.

The farm | evel objectives included incone, risk and subsi stence.

The policy outcones of interest included the distribution across

farnms of incone, technology reliance, crop mx, enploynent, off-

farm mar ket abl e surplus, land use intensity, and irrigation water
usage. Production data for the study were drawn from statistica



farm budgets, as well as a set of fertilization and nmultiple
croppi ng experinments conducted in farners fields.

The nodel s were used to exami ne alternative scenarios regarding
sensitivity of farmtechnol ogy adopti on and perfornance neasures
to | abor narket conditions, product prices, risk attitudes,
famly size, farmsize, draft power source and farmtype. The
nodel solutions were used as input to studies exani ning:

* the prospects for food production,

* the types of incentives one needed to sinulate non-rice crop
producti on;

* the inplications of new technology for the value of year-round
wat er control projects; and

* the design of a sector-w de | oan program

Farm Level Case 2 -- Corn Byproducts for Biofuels

The second case involves U S. mdwest farnms and corn-bi omass
harvesti ng (Apl and, Baker and McCarl 1981/82). |In this study,
farmreactions to incentives designed to stinulate the harvest of
corn stover for biofuels production were exam ned. A farm nodel
was set up for a "typical" Indiana farmw th enphasis on harvest-
time conditions.

Technically, the variables include crop tinming, nmultiple-crop
sequenci ng, rotations, own and custom harvest, fertilization

| abor hiring and | abor sale. The constraints included bi-weekly
| abor, land by period, nmachinery availability, a stochastic

di stribution of harvest tinme avail abl e and associ at ed vyi el ds,
crop rotation requirenments. The producer-nodel objectives

i nclude incone, risk and | abor-1leisure tradeoffs. The policy
vari abl es of interest include crop mx, stover harvest as it
vari es by harvest conditions, incone, enploynent, and risk
exposure. Data for the study were drawn from extensi on budgets,
exi sting nodel s, biomass-harvesting experinents and engi neeri ng
cal cul ati ons.

The nodel s were used to exami ne alternative scenarios regarding
harvest conditions, harvest equipnent, stover price, product
prices, hired |l abor prices. The nodel analysis was done as a
follow up to a wider study (Tyner et al. 1979) directed toward
the U S. Congress and consideration of the appropriate

agricul tural synfuels conponent of energy policy.

G her Farm Level Environmental Studies

A wide variety of farmlevel studies have been done. For
exanple, citing several that are directly related to
envi ronmental matters:

* Cashman, Martin, and McCarl exani ned pestici de bans.
* Apland, McCarl, and MIler studied the different irrigation

equi prrent prices and risk attitudes as they influenced irrigation
adoption while Ziari, MCarl and Stockle exam ned irrigation



system adoption and in stream fl ow

* Boggess, et al. examined the effects of different soi
conservation incentives.

* Bryant et al. examined the sensitivity of coastal farm
performance to proposed USEPA erosion regul ati ons.

Regi onal Model s

Probably the typical EPAT analysis would at |east involve a

regi onal focus. At such a level, one could use a set of
"representative" farmnodels chosen to jointly reflect the
conmponent of regional production relevant to the study. The

choi ce of representative farns wll not be di scussed here
(interested readers should refer to the reviewin Onal and MCarl
1991).

The regional nmodel contains the firmlevel representative farm
nodel s plus additional features for factor and possibly sone
product markets. For exanple, the land rental market may need
reflect land rental rate determ nation across firns. There also
may be regional limts for any hired | abor, water, draft aninmals,
and machi nery shared anong the firns. Yet anot her common

regi onal nodel characteristic is a less than full specification
of the firmsubnodels particularly in terns of the production
possibilities. Discussion of why this is the case as well and
how t o avoi d problens appears in the sector nodeling section

Regi onal Case Study 1 -- Edwards Aquifer Water Allocation

The Edwards Aquifer (EA) in Central Texas is used by
agricultural, nmunicipal and industrial interests while feeding
springs which support endangered species and recreation.

Regi onal growth has resulted in increased EA reliance and has
caused considerabl e fluctuation in springflow. Aquifer recharge
varies widely with average punpi hg usage al nost equal to average
recharge and thus, little left for springflow Managenent of the
EA has beconme a hot policy issue resulting nost recently in the
decl aration of the EA as a river. An ongoing nodeling exercise
has exam ned EA managenent issues (Dillon and McCarl 1991). A
regi onal nodel was established which sinmultaneously depicts
agricul tural production, nunicipal water usage, industrial water
usage and resultant springfl ow.

Technically, the nodel variables include punping, crop
production, allowable crop m xes, irrigation devel opnent,
nmuni ci pal usage, industrial usage, punplift determ nation,

aqui fer lever determnation and springflow determ nation. The
constraints include |abor, land, crop m x adherence, aquifer

bal ance, water avail able by aquifer recharge state of nature,
punplift, springflowlimts, and usage linmts. The objective
maxi m zes expected regional welfare across the recharge

di stribution and includes terns for net farminconme, mnunicipal
wat er consuners' surplus, nunicipal water supply cost, industrial
wat er consuners' surplus and industrial punping cost. The policy
vari abl es of interest include regional welfare, springflow,



aqui fer level, and punmping Iift as well as the distribution
across parties of income, water usage, and water prices. Data
for the study were drawn from extension farm budgets, county
croppi ng records, nunicipal and industrial water demand studies,
agricultural engineering crop water requirenent fornulas, and an
aqui fer hydrol ogy simulator.

Model use has invol ved exam nation of potential nmanagenent and
property right schenes, optimal water allocation, springflow
limts, usage limts, farner nonparticipation in a water market,
popul ati on growt h, and drought managenent.

Regi onal Case Study 2 -- Jordani an Cropping Pattern Policy

The Jordani an governnent supports a cropping pattern policy
designed to increase export revenues. This policy inposes

mandat ory acreage quotas. A study was done by Bessler and MCarl
in conjunction with a Jordani an Gover nnent - USAI D proj ect and
Sigma One Corporation. This study used a regi onal progranm ng
nodel of the Jordanian agricultural sector under the assunption
that Jordan was a price taking country (a parallel study verified
this assunption).

Technical ly, the nodel variables include regional crop nixes,
wat er supply, tractors and hired | abor acquisition as well as
country wi de exports, inports and domestic consunption. The
constraints include regional |abor, |and, water, crop mx
adherence, cropping pattern linmts, and tractors as well as
nati onal commodity bal ances. The objective maxim zes net
agricultural income. The policy variables of interest include
farmincone, cropped area, enploynent, machinery use, cropping
pattern, water use, trade bal ance and donestic food consunption

Data for the study were drawn from extension farm budgets,
regi onal cropping records, government policy docunents, and
regional trade statistics.

Model use involved exami nation of potential returns to a

rel axati on of the cropping pattern schene including conplete
renoval . Concl usions were drawn about the types of crops that
woul d be grown under policy relaxation and the costs of the
croppi ng pattern policy.

O her Regional Studies

A nunber of other regional studies have been done. For exanple:

* |rrigation, machinery, dairy herd managenent, rural devel opnent
and salinity control that were studied in the context of Mexican

agriculture (Norton and Solis 1983).

* Agricultural policy in Northeast Brazil was exam ned (Kutcher
and Scandi zzo 1981).

* The agricultural benefits of salinity control in the Red R ver
Basin in Texas are being exam ned by the author.

* Foreign trade conditions in N caragua were studi ed (Fajardo,
McCarl and Thonpson 1981).



* |rrigation/Hydropower tradeoffs were studied in the Pacific
Nort hwest (McCarl and Parandvash 1988).

* Waste managenent and recycling were studied (Cayton and MCarl
1979).

* Regional shrinmp fishery managenment was considered in Onal et
al . 1991)

Nat i onal - Sectoral WModels

Consi der abl e EPAT environnental action will probably involve
policies or environnental forces which influence the entire
country and agricultural sector. Sector nodels are rel evant
producer reaction nodels in such a case (I will not cover nulti-
sector or general-equilibrium nodeling). Sector nodeling
differs fromfirmor regional nodeling in terns of pricing and
representative firmdetail

The pricing difference arises since sectoral forces usually
render product and factor prices a function of the quantity
produced and or consuned (i.e. demand and supply curves need to
be considered). As a consequence, care is needed in specifying
the appropriate nodel.

Consi der first the recipe for an inappropriate nodel. Suppose
one is nodeling Egyptian | ong-stem cotton production. 1n doing
such, suppose a linear rest of world denmand curve is forned and a
price tinmes quantity termin the objective function. Thus, the
nodel has a term naxi m zi ng Egyptian export revenue. Under such
a case, a nodel generates the solution of where Egyptian
producers act as perfectly discrimnating nonopolists in cotton
exporting (MCarl and Spreen, 1980, or Takayama and Judge, 1971,
revi ew evi dence pertinent to this statenent). Such a solutionis
not consistent with observed behavi or

The common way of fixing such problens is to alter the objective
function so one maxim zes the area underneath the demand curve
and above the supply curve which is called consuners' plus
producers' surplus. Such a nodel sinulates production in a
perfectly conpetitive market(see the original devel opnent in
Samuel son and the literature review in MCarl and Spreen 1980).
Use of such an objective function conplicates other matters,
nanely when risk exposure minimzation is an inportant objective
of producers and price risk is relevant then risk is an
endogenous function and the appropriate way of preventing
nonopol i stic risk avoi dance behavi or has not been fully worked
out, nor has aggregation under risk (see the paper by Hazell and
Scandi zzo, 1974, or the paper by Lanbert, MCarl, and Kayl en,
1992, for a discussion of these issues). Fortunately, in many
ci rcunst ances, risk aversion has been found to be near zero when
operating with aggregate |evel data.

The ot her mmjor characteristic of sector nodels involves
aggregation. Cearly in nmany sector studies, it is inpossible to
develop a full set of representative firmnodels for inclusion in
the sectoral nodel. As a consequence, sectoral nodels usually
deal with nuch nore aggregate firmrepresentations(i.e. one per
state). This can introduce significant aggregation error if one



i nadequat el y depicts response possibilities. An aggregation
error exanple appears in the contrast of two studies involving
with the potential of producing energy fromU. S. agriculture corn
byproducts. One study (Apland, MCarl and Baker 1981/82) used a
firmlevel nodel and found when the val ue of corn byproducts was
i ncreased corn acreage declined. This reflected a crop-m X
change i nduced by |imted-harvest resources interacting with the
i ncreased harvest requirenents for corn byproducts. However a
sector-nodel analysis of the sanme problem (Tyner et al, 1979, and
Bender and McCarl 1992) showed corn production increased with the
corn-byproduct price. Cearly the aggregate representation

exhi bited aggregation error predicting a different kind of supply
response. The firm nodel probably also overstated reaction since
it used a fixed-price assunption and did not permit the firmto
significantly restructure harvest capacity. Sonme answer between
the two nodels nay be the nobst appropriate. The |lesson is that
aggregate nodel s should have a farm|l evel response conponent which
adequately reflects response to the types of policies being
investigated. This leads to two types of difficulties and their
sol uti ons.

Sector nodel ers and anal ysts nust devel op data reflecting an
adequat e set of production possibilities. O ten one devel ops
producti on possibilities based upon budgets generated by

ext ensi on personnel or statistical surveys. Such budgets usually
reflect a production pattern which existed at a point in tine.

As such they do not represent the avail able set of possibilities
just the choice of the nonent. Furthernore, the pattern given is
condi tioned by the particular set of factor and product prices in

place at the tine. |If the corn price is high relative to the
fertilizer price, fertilizer use will be high. On the other

hand, if the corn price is lowrelative to the fertilizer, little
fertilizer will be used. Either way, the full set of fertilizer
alternatives will not appear if sanmpling. So how do you depict

the rel evant production possibilities? |In such a case, one nay
well need to rely on expert, experinental or crop-sinmulator data
(Dillon, Melde and McCarl 1989) to nodify the budget data and
generate production alternatives.

Second, one cannot usually afford to depict all different ways of
producing a crop and all the constraints which influence choice
on all farns. However, the producer response will take into
account the technical forces, dietary preferences, resource
restrictions and rotations which lead to a particular choice. In
such a case, | recommend restricting the crop mx to fall within
some conbi nation of observed crop mixes (as argued in MCarl,
1982, and Onal and McCarl 1991). The observed crop mi xes have
restrictions inplicitly coded into themon the firnms' enploynent
of resources and rotations. The historical nixes nmay need to be
augnented for an environnmental analysis if the actions are
anticipated to cause production outside the historically observed
crop mixes. |If this is the case, then either use expert opinion
or auxiliary farmlevel nodels (as done in Hamilton, MCarl, and
Adans 1985) to nake a richer productions possibilities set.

Sectoral Case Study 1 -- Egyptian Water Control

A study was done regarding water control and cropping patterns in
Egypt. By the mid 1980's, the strategic reserve of water in the
Hi gh Aswan Dam had fallen froma two-year to a two-nonth supply.



But, Egyptian water-use patterns did not adjust substantially.

As a consequence a study was undertaken to exam ne Hi gh Aswan Dam
rel ease and cropping-pattern policy in the face of future
prospects for water availability. This was done using an
Egyptian agricultural sector nodel (MCarl and Attia 1988) in
conjunction with a H gh Aswan Dam si nmul ati on nodel

Technically, the sector nodel variables include a five-region
breakdown of crop production, crop processing, |ivestock feeding,
domesti c consunption, exports, inports, transport, hired | abor,
subsi di es and taxes. The constraints include regional |abor, |and,
vegetable linmts, cropping pattern limts and |livestock nutritiona
characteristics as well as national comodity bal ances and wat er
availability. The objective naxim zes net agricultural consuners'
and producers' surplus after inposition of governnment taxes and
subsidies. The policy variables of interest include consuners

wel fare, price levels, farmincone, cropped area, enploynent,
gover nment subsidy costs, governnment tax revenues, water usage,

i mports, exports, trade bal ance and donestic food consunption
Data for the study were drawn fromagricultural mnistry budgets,
regi onal cropping records, government statistical docunents,
consurmer demand studies and world trade regional trade studies.

The sectoral nodel was utilized to value the effects of
alternative water release levels coupled with alternative
cropping patterns. Cropping pattern comritments were assunmed to
start before full information on the avail able water was known.
The Hi gh Aswan dam sinmul ator was utilized to predict carry over
water in the damas well as the value of the hydroel ectric output
under various rel ease policies and water years. The sector nodel
was used to predict the agricultural benefits of various water
rel eases under alternative cropping patterns. 1In turn, a

deci sion theory framework was utilized to exam ne economnic
returns and their variability as well as retai ned water across
croppi ng pattern and damrel ease poli ci es.

Sectoral Case Study 2 -- Ozone Contro

A comon use of sectoral nodels by the author has involved the
envi ronment al assessnent of changes in air quality. One study
i nvol ved the agricultural benefits of alternative U S. ozone
standards. There a U. S. agricultural sector nodel was enpl oyed
to study the effects of changes in ozone concentrations (Adans,
Hanmi | ton and McCarl 1986).

Technically, the nodel variables included activities for a 63-
regi on breakdown of crop production, crop-m x choice, irrigation
i vestock production, |abor supply, land supply, water supply,
processing, livestock feeding, domestic consunption, exports,
imports, fixed price input acquisition and farm program
subsidies. The constraints include regional |abor, |and, water,
crop mxes, policy restrictions, and livestock feed needs as well
as national comopdity bal ances. The objective nmaximnm zes net
agricul tural consuners' and producers' surplus after inposition
of government subsidies. The policy variables of interest

i nclude consuners welfare, price levels, farmincone, cropped
area, enploynent, government subsidy costs, water usage,

i mports, exports, trade bal ance and donestic food consunption
Data for the study were drawn from USDA cost of production



surveys, extension farm budgets, regional cropping records,
governnent statistical docunents, consuner demand studies,
experinmental studies of ozone concentration effects on crop
yi el ds and world trade studies.

The nodel was utilized in conjunction with the crop yield and
wat er use results of ozone chanber experinents to forecast the
agricul tural sector consequences of ozone concentration

vari ations (Adans, Hamilton and McCarl 1986). The study was

i ncorporated as part of a report to Congress and the agricul tural
benefits were used to partially justify changes in clean air
regul ations. Sinmlar anal yses were al so done on the effects of
acid rai n(Adans, Callaway and M:Carl 1986), carbon sequestration
(Adans et al. 1991) and gl obal climatic change (Adans et al.
1989, 1990).

O her Sectoral Studies
A nunmber of other sectoral studies have been done. For exanpl e:

* There were a nunber of studies done involving policies ained
toward irrigation projects, and other devel opnent issues in the
context of Mexican agriculture (Norton and Solis 1983)

* Studi es have been done regarding U S. erosion policy (Heady and
Srivistava 1975) as well as Alt et al., pesticide bans (Burton
and Martin 1987), fertilizer use changes (Mister, Chen and Heady
1978) and bi of uel s production (Tyner et al 1979).

* Studi es have been done on | ndus Basin water managenent (O Mara
and Dul oy 1984).

An Aside -- Doing a Progranm ng Study

In passing, it is worthwhile recommendi ng the usage of GAMS

sof tware (Brooke Kendrick and Meeraus 1988) for doing studies in
this arena. This software pernits solution of |arge nodels on
mcro conputers, facilitates docunentation and | ater use of
nodel s, and allows use by varied personnel. | feel these
attributes would be highly desirable in the EPAT environment. |
believe the sister APAP project runs training sessions in GAMS.

CONCLUSI ONS

Thi s paper has only scratched the surface of the very |arge

mat hemati cal progranm ng, environmental analysis area. Analyses
inthis area generally involve the quest for optiml policy.
This question nmay be approached fornally through multi-Ievel
programming or informally through scenario analysis. At this
poi nt, operational issues largely dictate scenario analysis, but
research is ongoing on formal optinmal policy discovery. In

ei ther context, mathematical programr ng provi des a useful



framework to resol ve questions about how producers woul d respond
to environnmental incentive and regulatory progranms. Mbdels
permt investigation of possible policies so as to both steer
producer responses and avoi d unanti ci pated responses.
Fundanentally, it is inportant to recognize policy objectives or
items of concern, then build producer- response nodel s which
forecast how those objectives would be affected if policies were
i mpl ement ed.
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ADDENDUM

I NTRODUCTI ON

Apparently there has been interest in the nature of the case
exanpl e findings within nmy nanuscript "Mathenmatical Programi ng
for the Resource Policy Appraisal Under Miultiple Objectives"”
publ i shed by the Environnmental and Natural Resources Policy and
Trai ning Project as Wrking Paper No. 6 in Novenber, 1992. This
addendum provi des additional information on findings within each
case study. Beyond that | would urge readers interested in nore
detail to consult the references.

Farm Level Case Exanple 1 - Indonesian Technol ogy Prospects (page

10)

Several findings were generated. First, it was found that the
prospects for food production, particularly rice, were bright as
the technol ogi es exam ned were found to have consi derabl e
potential to expand production in an econom cally efficient
manner. |n fact, the study was done at a tine when | ndonesia was
just on the border of being food defficient (late 1970's), but
over the few years after the study the country noved forward food
sel f sufficiency with expansions in food exports partially due to
t echnol ogi cal change, thus the results of the study were borne
out. Second, conclusions were nade within the study about the
need, particularly in the upland areas, for credit and other
types of incentive schenmes, directed toward farm ng systens

rat her than crop specific prograns. Third, a technol ogy that

all oned one to get two rice crops out of wet season water was
investigated. Wthin the study, the results of this technol ogy
were conpared to year-round water nmanagenent, it was found that
the presence of the cropping technol ogy reduced the returns to
year-round water control irrigation infrastructure by over 80
percent. In turn, this finding led to policy debates within the
sponsoring organi zation as to the appropriate |evels of

i nvestnment and eventually a reappraisal of a large | ending
program Finally, the results were used in support of argunents
for additional research funding in the context of a sector

| endi ng program

Farm Level Case Study 2 - Corn Byproducts for Biofuels (page 11)

The results of this study showed that:
1. crop residue is an expensive source of energy;

2. producers woul d produce a highly variable anbunt of crop
resi due dependi ng on harvest tinme weather conditions;



3. crop residue harvest conpeted dramatically with harvesting of
ot her crops and caused a crop mx alteration; nanely corn acreage
was reduced with wheat and soybean acreage increased, allow ng
fall harvest tine to be freed up

4. | arger harvesting equi pnent and new technol ogy woul d hel p the
situati on;

5. in the short-run, the supply curve of residue would be highly
i nel astic, and;

6. the long-run supply curve was very responsive at |ow prices
with the quantity supplied between $30 and $40 a ton of residue
varying by a factor of 2.

Regi onal Case Study 1 - Edwards Water Allocation (page 13)

The results of this study indicated that emergi ng changes in

wat er consunption patterns in the region would lead to a

di sparity of water use val ues between nonagricul tural and
agricultural users. This indicates that it would be nost useful
if ground water rights and an associ ated market for such rights
were put in place to allow transfer of water fromthe lowto the
hi gh val ue users. Second, agriculture was found to be a very
vul nerabl e sector froman overall econom ¢ optinum perspective as
demand grows, since agriculture is a nmuch | ower val ued user
Third, protection of springflows was found to influence returns,
costing as nuch as $40 per acre foot of water. Fourth, schenes
which limted the sectoral anpunt of water w thout allow ng
transfer between the sectors were found to be efficient at first
but to have higher welfare costs as tine went on. Finally, it
was found beneficial that agriculture use water in periods of

hi gh fl ow and not suspend water use in periods of |ow flow
thereby allowi ng water use by the highest valued users in the
critical periods but permitting beneficial agricultural
production in the water surplus periods.

Regi onal Case Study 2 - Jordanian Cropping Pattern Policy (page
13)

The basic conclusion of this study was that the cropping pattern
policy which Iinmted the quantity of high-valued vegetabl e export
crops was economically costly. |t appears that by suspending the
policy and allowing larger quantities of certain exports to be
produced, the prices received would not change and producer

wel fare woul d increase.

Sectoral Case Study 1 - Egyptian Water Control (page 17)

The basic results of this study were two. First, by enploying a
conservative water rel ease strategy and cutting back on the heavy
water using rice and sugar crops, that a substantial opportunity
for increasing the water supply available fromin the H gh Aswan



Dam and the efficiency of water use existed even in the face of
potentially serious drought effects. Second, this study was
conmpl et ed before one of the larger floods in recent history and
this was found to be unfortunate. The subsequent fl oods and

| evel of inflows in the |ast several years nade the drought
oriented study of little interest to policy nakers. 1In a related
study, the same nodel was al so used to | ook at incentive and
pricing policies and its effects on land all ocation and the val ue
of water. It was found that pricing policies were a very big
factor in farmreturns and production choice. Lowering in price
differentials between farm producti on and exports caused by
governnment policy would cause greater production of certain farm
commodities, increase social welfare and, in fact, increase
government tax revenues.

Sectoral Case Study 2 - zone Control (page 17)

The results of this study showed that agriculture was very

vul nerabl e to ozone with roughly a $200 mllion change in the net
wel fare of the agricultural economy. Conparison of this outcone
with the cost of cleaning up ozone, made agriculture al nost |arge
enough in benefits to justify the anticipated provisions on its
own. The acid rain analysis showed that acid rain benefits
agriculture. The carbon sequestration anal ysis showed
substantial inplications for agriculture fromincreases in tree
planting to prevent global clinmate change and that expanded tree
planting would lead to a reduction in welfare and activity in the
forest sector, the global climte change effects have, in the
nost recent work done by the author, been shown to be positive
for the U S. agricultural econony.

In all of these case studies, the basic findings were used to
generate a mixture of qualitative and quantitative insights
regardi ng the potential performance of the nodeled entity.
Implications were drawn for overall econonic performance as wel |
as income distribution, and when possi bl e environnental
attributes.
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